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I. Statement of Problem

Resrciid

This report summarizes the results of a three-year research program
aimed at determining the physica1]§g§is for the apparently anomalous growth

N behavior of small fatigue cracks. In this context, it is necessary to
1) define certain terms. By "physical basis" is meant the influence of metal-
2y Turgical microstructure, environment, and alloy chemistry upon microcrack
A tip displacement, deformation, and extension. The growth of small cracks
¢ is "anomalous" in the sense that they often are observed (Figure 1) to grow
. at rates (da/dN) greatly different (by as much as several orders of magni-
N tude) from those predicted by tests carried out on large through-cracks at
Sﬁ equivalent cyclic stress intensities (AK). Finally, cracks are considered
‘3§ "small" when their dimensions are of the same order of size as the material
A microstructure or a localized plastic zone in which they may reside, or
- when they are much smalier than the minimum specimen dimension.
Y
;ﬁ II. Summary of Program
) Precipitation hardened 7000—seriis aluminum alloys have been emphasized
T in the program. Two types of specimen® were studied, i.e., one containing
| single-edge-notched through cracks ("large" cracks), and a second design in
Yoo which "smal1" (~15 um long), half penny-shaped cracks were initiated at in-
" clusions on smooth surfaces. In order to characterize crack tip behavior,
o special techniques were required.
> Selected area electron channeling pattern analysis was used to map out
the sizes and shapes of crack tip plastic zones for both large and small
35 cracks. Information still closer §° the tips was obtained by use of a servo-
e controlled hydraulic loading stage® which opgrated inside the scanning elec-
o tron microscope. By appropriately analyzing® the resulting crack tip dis-

placement data, it was possible to determine crack tip opening displacement,
crack tip opening load, crack tip strain distribution (Figure 2), and crack
. tip opening mode. Principal results, for peak- and over-aged 7075 Al, can
% be summarized as follows (details are provided in the publications listed

d in the next section):

1. Small cracks grow faster than large cracks at equivalent
cyclic stress intensities, and they grow below the large
crack threshold stress intensity (AKty) (Figure 1).

%

&. 2. Monotonic plastic zone si5es for large and small cracks
A correlate according to AK¢ (Figure 3).

o

-~ 3. Cumulative microstrains in grains in which small cracks
X nucleate and grow at cyclic stresses on the order of 80%
138 yield strength do not exceed 0.003; the grains are basi-
P cally elastic.

. 9t

ii' 4. The ratio of plastic zone size to crack size is approxi-
- mately unity for microcracks, while for large cracks, the
¢ ratio is <«I1.

¥

—
Superscripts refer to Bibliography.
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Figure 1. Growth of fatigue microcracks
in dry nitrogen compared with
large crack (LEFM) results.
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Figure 3. Plastic zone size ahead of crack tip versus cyclic stress
intensity. Lines shown are extrapolations of large crack
data assuming a slope of 2.
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For large cracks, the crack tip opening loai approaches
the maximum cyclic load (Ppax) as the threshold is neared,
while microcracks open well below Ppax even for AK<AKTh
(Figure 4). This probably accounts for the growth of
microcracks below the large crack threshold, and partly
acco:nts for the rapid average growth rates of small
cracks.

Crack tip strain (Figure 2) and crack tip opening dis-
placements for microcracks exceed those of large cracks
at equivalent stress intensities, at least partly ac-
counting for the more rapid growth of small cracks.

The distribution of strain at the tips of small cracks is
different than that for a large crack (Figure 2).

Crack tip strain correlates well with crack tip opening
displacement for large cracks but not for small cracks.

Large cracks grow faster in air than in vacuum. Small
cracks tested in air and dry nitrogen (nominally equiv-
alent to vacuum) grow at approximately the same rates.
The absence of environmental influence is thought to be
only apparent, a change to an inherently slower mode of
growth in air offsetting the crack-accelerating influence
of moisture.

Superimposed on the rapid growth of small cracks are
transient periods of arrest or retardation.

These arrest periods have been accounted for quantitatively
by a model based upon the concept of a reduction in crack
tip strain at grain boundaries.

However, empirical adjustments to AK based on crack
closure and plastic constraint are unable to correlate
the growth rates of large and small cracks.

For small cracks, small-scale yielding assumptions are
violated, and similitude is lost.

The cyclic stress intensity may be an inappropriate
choice as the driving force for small cracks.
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